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INTRODUCTION

George Rusch (NAC Chairman) opened the meeting and welcomed all participants.  Attached are the
meeting agenda (Attachment 1) and the attendee list (Attachment 2).

Roger Garrett (Program Director) reported on his meeting in Europe with the Organisation for
Economic Co-Operation and Development (OECD) which represents 21 nations.  There is potential
interest by OECD in adopting AEGL values.  An observer sent by Germany, Dr. Ursula Stephan of the
Hazardous Incident Commission, was welcomed by the NAC.  OECD may send observers to future
meetings.  In further discussion, it was decided to solicit data from and use the expertise of OECD
members before completion of the Technical Support Documents.  However, the documents would not
be sent out before adoption of values by the NAC.  Roger will seek a contact person for getting
information.  There is a possibility of a more definitive presentation of the AEGL project to the OECD
in June 1999.

Roger Garrett and Ernest Falke reported on the presentations of the Standing Operating Procedures
(SOPs) and the first eight AEGLs to the National Academy of Sciences/Committee on Toxicology,
Subcommittee for AEGLs.  Although a formal response has not been received, the initial response from
the Academy members concerning the SOPs, Technical Support Documents (TSDs), and methodology
in general was positive, even where the Academy's approach to setting guidelines differed.  The
Academy noted that the SOP document went further than previous guideline documents.  The TSDs
were complimented and the response to time-scaling was especially positive.  The next 10 chemicals
have been sent to the Academy for their consideration.  Ernie Falke noted the need to document the
rationale for the uncertainty factors of 3 and 10 in the SOP.  The discussion of the cancer endpoint
needs additional work, but the risk of 10-4 is acceptable.  Susceptible populations also need to be further
defined in regard to the interspecies uncertainty factor issue.

Concerning additional funding, Paul Tobin and Richard Niemeier discussed the NIOSH National
Occupational Research Agenda (NORA), a partnership between government, industry, and academia
which funds special risk assessment projects.  Paul Tobin has contacted the chairman of the NORA
committee.  The question arose as to whether or not a federal agency can submit a proposal.  A
discussion ensued concerning developmental/reproductive toxicity and the lack of human data.  

Bill Pepelko said that his office is looking at differences in sensitivity between children and adults.
Paul Tobin reported that interim TSDs will be accessible on the EPA Web site. The NAC/AEGL
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Meeting 11 highlights were reviewed and accepted unanimously following minor revisions (Appendix
A).

TECHNICAL DISCUSSIONS

Definition of Ceiling Values.  Problems with the definition of ceiling values were brought up by John
Morawetz.  Specifically, the present definition would allow multiple exposures to higher values within
the longer term exposure durations.  John illustrated his concern with examples of the variability of
exposure concentrations during industrial monitoring and/or an accidental release (Attachment 3).  If a
time-weighted average is used, higher-than-ceiling values may occur during an incident.  Additional
language to clarify the definition of ceiling value was proposed by George Rusch.  Two solutions were
suggested: (1) define each point on the line connecting the four exposure durations as a ceiling, with
the 30-min value flatlined to the ordinate, and (2) use the line as a continuum with concentrations for
exposure durations other than the four defined times read off the line.  One committee member
suggested clarifying the definition of ceiling value by adding a graph to each TSD.  Bob Snyder
pointed out that it is important to consider the mechanism of action for each chemical.  

Action Item:  Ernie Falke will write up a definition of ceiling value for the SOPs document and present
it to the NAC/AEGL at the next meeting.

Definition of AEGL-1 Level.  The disconnect between the definition of an AEGL-1 (generally a
sensory response) and the AEGL-2 and -3 (health responses) was discussed.  The endpoint for the
AEGL-1 has been chemical-specific and/or dependent on the data, with a hierarchical or decision tree
used for: sensory irritation, biochemical response, no effect, and odor.  Discussion revolved around
combining all endpoints into the definition; e.g., uncertainty in the use of a NOAEL, addition of the
odor threshold to the summary table, the relationship between odor and discomfort, and anxiety, and
the influence of the "quality" of the odor.  It was noted that several members of the National Academy
of Sciences committee recommended development of an AEGL-1 even in the absence of data or when
odor is above the effect level.  The OECD agrees with establishment of an AEGL-1 level in the absence
of data.

Action Item:  Ernie Falke will compile the data on the AEGL-1 endpoints used up to this point and
report back at the next meeting.

Categorical Regression.  Judy Strickland of the National Center for Environmental Assessment
(NCEA/USEPA) started her discussion with an overview of the development of Acute Reference
Exposures (ARE).  The ARE are airborne concentrations that are unlikely to cause adverse effects in a
sensitive human subpopulation during intermittent exposure or a single continuous exposure of 
<24 hr.  The ARE support implementation of the Clean Air Act Amendments, Section 112.  Depending
on the available data, ARE will be developed by one of three approaches: the NOAEL approach,
categorical regression, or the benchmark concentration.  All three methods require dosimetric
adjustment (the default is 1); categorical regression does not require a duration adjustment.  Judy
presented schematics of the categorical regression approach (Attachment 4) in which health effects are
divided into severity categories and plotted graphically with the ordinate as log concentration and the
abscissa as log exposure duration.  Parallel lines that separate the severity categories are then generated. 
All available data is used in this approach.  The line defining a 10% probability of an adverse effect
with 95% confidence limits is used as the endpoint.  Ernest Falke pointed out that a 10% response may
be too large; whereas application of several uncertainty factors may be too conservative.  The EPA
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Science Advisory Board reviewed the categorical regression model, agreeing with several concepts
(categorizing of data, use of all data, graphical representation) and questioning several points
(appropriateness of parallelism of probability-response curves for all severity categories, judging
severity categories across various target organs and species, reliability of the confidence limits, and the
scaling factor).  The NCEA has replied to these comments as well as those that addressed the NOAEL
and Benchmark approach.  It was noted by a NAC/AEGL member that the regression line may be an
excellent source for estimating time scaling.  Judy went on to illustrate the use of categorical regression
with the hydrogen sulfide data.  Her ARE values were similar to the AEGL-1 values originally
proposed in the TSD (Attachment 5).

AEGL PRIORITY CHEMICALS

Propionitrile, CAS No. 107-12-0

Chemical Manager: Dr. George Rogers, University of Louisville, AAPCC
Author: Dr. Cheryl Bast, ORNL

George Rogers explained the mechanism of action of the nitriles which is based on the metabolic
release of hydrogen cyanide.  Cheryl Bast reviewed the data on methacrylonitrile and isobutylnitrile
which were presented at the last meeting, noting the relative toxicities of these two chemicals to that of
propionitrile.  Cheryl then summarized the data for propionitrile (Attachment 6).

The proposed AEGL-3 values for propionitrile were based a 4-hr no-effect level for death in rats.  This
value of 690 ppm was divided by an interspecies uncertainty factor of 10 because the rat is not the most
sensitive species and by an intraspecies uncertainty factor of 3 as effects appear to be due to cyanide
and observations of human occupational exposures as well as toxicity to adult and neonatal mice
suggest little individual variation.  The value of n of 2.6 was based on that for cyanide in a lethality
study with rats over exposure durations of 5, 15, 30, and 60 min.  It was moved by Richard Niemeier
and seconded by John Hinz to accept the values of 51, 39, 23, and 18 ppm for the 30-min and 1-, 4-,
and 8-hr exposure durations, respectively.  The motion passed unanimously (Appendix B).

Following discussion of two relevant studies, a human exposure and a developmental study with the
rat, the proposed AEGL-2 was based on the human accidental exposure to 33.8 ppm for 2 hr which
resulted in headache, nausea, and dizziness.  The 33.8 ppm value was first divided by intraspecies and
modifying factors of 3 each for a total of 10 resulting in time-scaled values of 5.8, 4.4, 2.6, and 2.0
ppm.  A motion was made by George Alexeeff and seconded by Jonathan Borak to accept these values;
the motion did not pass [YES: 8, NO: 14, ABSTAIN: 0].  Further discussion centered on the
application of a modifying factor.  To be consistent with the AEGL-3 and because the mechanism of
action is based on the release of cyanide, an intraspecies uncertainty factor of 3 was applied.  Because
of uncertainty in the data, a modifying factor of 2 was also applied.  It was moved by Loren Koller and
seconded by Steven Barbee to accept the values of 9.6, 7.4, 4.3, and 3.3 ppm for the 30-min and 1, 4,
and 8-hr exposure durations.  The motion was accepted by the NAC/AEGL [YES: 17, NO: 5,
ABSTAIN: 0] (Appendix B). Because of a lack of data, AEGL-1 values were not derived (moved,
Loren Koller; seconded, Mark McClanahan).  The motion passed unanimously (Appendix B).
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SUMMARY OF PROPOSED AEGL VALUES FOR PROPIONITRILE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  ID  ID  ID  ID

AEGL-2  9.6 ppm
(22 mg/m3)

 7.4 ppm
(17 mg/m3)

 4.3 ppm
(9.8 mg/m3)

 3.3 ppm
(7.6 mg/m3)

Headache, nausea, and
dizziness in human
subject

AEGL-3  51 ppm
(120 mg/m3)

 39 ppm
(89 mg/m3)

 23 ppm
(53 mg/m3)

 18 ppm
(41 mg/m3)

NOEL for death, rat

ID = Insufficient data.

Cyclohexylamine, CAS No. 108-91-8

Chemical Manager: Dr. Mark McClanahan, Centers for Disease Control and Prevention
Author: Dr. Sylvia Milanez, ORNL

Following discussion of the available data and presentation by Sylvia Milanez (Attachment 7), the
discussion centered around relative species sensitivities, suitable endpoints for each AEGL level, and
the deficiencies in the database.  The AEGL-3 was based on the 4-hr exposure of rats to 567 ppm which
was the threshold value for lethality.  The value was adjusted by an interspecies uncertainty factor of 10
because there was insufficient data to determine the most sensitive animal species.  Because one of two
rats that died at the next higher dose had lung hemorrhage/edema, cyclohexylamine was determined to
be a respiratory irritant.  An intraspecies uncertainty factor of 3 was used because the mechanism of
action for direct irritation by a strong base is not expected to differ among individuals.  Scaling across
time was based on  n = 2.  It was moved by Richard Niemeier and seconded by Bob Benson to accept
the resulting values of 53, 38, 19, and 13 ppm for the 30-min, 1-, 4-, and 8-hr exposure durations,
respectively.  The motion passed [YES: 21, NO: 3, ABSTAIN: 0] (Appendix C).

Following a lengthy discussion on uncertainty and modifying factors and several votes, it was decided
to base the AEGL-2 values on the no-effect concentration of 150 ppm for corneal opacity in rats and
guinea pigs.  An earlier vote included time-scaled values of 18, 13, 6.3, and 4.5 ppm based on an
estimated no-effect level of 189 ppm (4 hrs) for corneal opacity in the rat with a combined uncertainty
factor of 30 as for the AEGL-3 above.  The motion did not pass [YES: 15, NO: 10, ABSTAIN: 0].   
Although exposures to 150 ppm were repeated, the 7-hr exposure duration from the first day was
chosen as the exposure time.  An intraspecies uncertainty factor of  3 (cyclohexylamine is a direct
acting irritant; effects are not expected to differ among individuals), an interspecies uncertainty factor
of 3 (the endpoint of corneal opacity is not likely to differ greatly among species), and a modifying
factor of 2 (to account for a deficient database) were applied (for a total uncertainty/modifying factor of
20); time scaling was based on n = 2.  The NAC noted that the AEGL-2 values may cause respiratory
irritation in humans.  It was moved by Doan Hanson and seconded by Bob Benson to accept the
resulting values of 28, 20, 9.9, and 7.0 ppm for the 30-min and 1-, 4-, and 8-hr exposure durations,
respectively.  The motion passed [YES: 17, NO: 7, ABSTAIN: 0] (Appendix C).  It was noted by the
committee that different modifying factors were applied to the AEGL-2 and AEGL-3.

The AEGL-1 was based on the LOAEL value for irritation of 54.2 ppm during a 4-hr exposure of rats
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to cyclohexylamine.  This value was divided by 3 to attain a NOAEL (and mild or no respiratory
irritation) and by interspecies and intraspecies uncertainty factors of 3 and 3 (total 10) because
cyclohexylamine is a direct-acting irritant and its effects are not likely to vary greatly among humans or
between species.  The resulting value of 1.8 was flatlined across all AEGL time intervals.  A motion to
accept this value was proposed by Steve Barbee and seconded by Bill Pepelko.  The motion passed
[YES: 23, NO: 1, ABSTAIN: 0] (Appendix C).  The 1.8 ppm value is supported by a <20% depression
in respiratory rate during exposure to
4 ppm in an RD50 study with the mouse.

SUMMARY OF PROPOSED AEGL VALUES FOR CYCLOHEXYLAMINE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  1.8 ppm
(7.3 mg/m3)

 1.8 ppm
(7.3 mg/m3)

 1.8 ppm
(7.3 mg/m3)

 1.8 ppm
(7.3 mg/m3)

NOAEL or mild
respiratory irritation, rat

AEGL-2  28 ppm
(114 mg/m3)

 20 ppm
(81 mg/m3)

 9.9 ppm
(40 mg/m3)

 7.0 ppm
(28 mg/m3)

NOAEL for corneal
opacity, rat.  May cause
respiratory irritation in
humans. 

AEGL-3  53 ppm
(217 mg/m3)

 38 ppm
(153 mg/m3)

 19 ppm
(77 mg/m3)

 13 ppm
(54 mg/m3)

Threshold for lethality,
rat

Hydrogen sulfide, CAS No. 7783-06-4

Chemical Manager: Dr. Steven Barbee, Arch Chemical Co.
Author: Dr. Cheryl Bast, ORNL

Following an introduction by Steven Barbee, Cheryl Bast presented an overview of the human and
animal data and the relatively high value of n based on several of the data sets (Attachment 8). 
NAC/AEGL discussions centered primarily on sources of odor, odor detection, and at what
concentration the odor becomes objectionable.  It was noted that human deaths have occurred,
primarily in enclosed spaces.  The AEGL-3 was based on a 1-hr exposure concentration of 504 ppm
which was a NOEL for death in rats.  This value was adjusted by an interspecies uncertainty factor of 3
(the rat is only slightly less sensitive than the mouse and the rat showed the best dose response) and an
intraspecies uncertainty factor of 3 (the mechanism of action of hydrogen sulfide  is well known and
will not differ greatly among individuals.  A value of  n of 4.36, derived from combined rat lethality
data for periods of 10 mins to 6 hr was used to scale the values across time.  The resulting
concentrations for the 10- and 30-min and 1-, 4-, and 8-hr exposure durations were 76, 60, 50, 37, and 
31 ppm, respectively.  Following a motion by Mark McClanahan which was seconded by Loren Koller,
the values were accepted unanimously (Appendix D).

The AEGL-2 was based on a 4-hr exposure of rats to 200 ppm which resulted in perivascular edema
and increased protein and LDH in lavage fluid.  This value was divided by inter- and intraspecies
uncertainty factors of 3 each and scaled across time as for the AEGL-3 above.  It was moved by Loren
Koller and seconded by Ernie Falke to accept the resulting values of 42, 32, 28, 20, and 17 ppm for the
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10- and 30-min and 1-, 4-, and 8-hr exposure durations, respectively.  The motion carried [YES: 24,
NO: 1, ABSTAIN: 0] (Appendix D).  References from the ACGIH and WHO reports will be provided
for discussion at the next meeting.

For the AEGL-1, Cheryl presented data on a no-effect level in exercising asthmatics exposed to
hydrogen sulfide.  The discussion for the AEGL-1 again centered around objectionable odor and data
from hot springs and hog farms was cited by committee members.  It was suggested that the endpoint
of uncomfortable or objectionable odor could be used as an AEGL-1 endpoint.  George Alexeeff cited
data indicating that 5 times the odor threshold of 0.03 ppm (0.15 ppm) is objectionable to humans.  It
was moved by Larry Gephart and seconded by Dave Belluck that the 0.15 ppm concentration, flatlined
across time, be accepted as the AEGL-1.  The motion passed unanimously (Appendix D).

In addition to providing a reference from the ACGIH document, the committee asked that the primary
reference cited by George Alexeeff on objectionable odor be provided at the next meeting.  The
committee also noted that the same odor problem exists with methyl mercaptan and suggested
revisiting this chemical at the next meeting.

SUMMARY OF PROPOSED AEGL VALUES FOR HYDROGEN SULFIDE

Classification 10-Min 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1 Not derived  0.15 ppm
(0.21 mg/m3)

 0.15 ppm
(0.21 mg/m3)

 0.15 ppm
(0.21 mg/m3)

 0.15 ppm
(0.21 mg/m3)

Objectionable
odor, humans

AEGL-2 42 ppm
(59 mg/m3)

 32 ppm
(45 mg/m3)

 28 ppm
(39 mg/m3)

 20 ppm
(28 mg/m3)

 17 ppm
(24 mg/m3)

Lung edema, rat

AEGL-3 76 ppm
(106 mg/m3)

 60 ppm
(85 mg/m3)

 50 ppm
(71 mg/m3)

 37 ppm
(52 mg/m3)

 31 ppm
(44 mg/m3)

NOEL for death,
rat

1,1,1,2-Tetrafluoroethane (HFC-134a), CAS No. 811-97-2

Chemical Manager: Dr. George Rusch, AlliedSignal, Inc.
Author: Dr. Sylvia Talmage, ORNL

George Rusch is the NAC/AEGL Chair and Chemical Managers (CM) for HFC-134a and 
HCFC-141b.  He opened the discussion on these chemicals with remarks to delineate his
technical contributions  and his NAC/AEGL responsibility.  George is the Director of Risk
Assessment and Toxicology of AlliedSignal, Inc.  In this capacity he is in charge of
AlliedSignal’s testing program for replacements for chloroflurocarbons and also has served as
chair of the International Program for Alternative Fluorocarbon Toxicity Testing.  George
contributes his technical expertise to the preparation of AEGL documents.  He led the technical
discussion sessions in dual roles as a Chair and as a CM. He abstained from voting on all levels
of toxicity values derived from NAC/AEGL deliveries. Then, George proceeded to provided an
overview of the protocol of the cardiac sensitization test with beagle dogs and the mechanism of action
of chemically-induced heart arrhythmias (Attachment 9).  Sylvia Talmage presented data on the first of
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two halocarbons that are being considered for replacement of chlorofluorocarbons.  She presented an
overview of the available data, noting the richness of the database, and the development of the draft
values for this chemical (Attachment 10).  The AEGL-1 was based on a study with human subjects in
which exposures to concentrations up to 8000 ppm for 1 hr resulted in no effects.  Because this
concentration is so far below concentrations showing any effects in animal studies (81,000 ppm was a
no-effect concentration), the value was adjusted by an intraspecies uncertainty factor of 1.  Because
blood concentrations approached equilibrium by 55 min of exposure, no greater effects are anticipated
at longer exposure intervals and the value of 8000 ppm was flatlined across time.  There was one
motion with individual votes for each AEGL level that the values be accepted.  George Rogers moved
and Kyle Blackman seconded the motion.  The motion for the AEGL-1 passed [YES: 23, NO: 1,
ABSTAIN: 2] (Appendix E).  It was suggested that a statement indicating that in regard to the 10-min
cardiac sensitization test, the dog is no more sensitive after 8 hr of exposure to halocarbons be added to
the TSD.

The AEGL-2 was based on the no-effect concentration of 40,000 ppm in a cardiac sensitization test
with beagle dogs in which the doses of epinephrine were individualized to each dog.  Because the dog
is a good model for the human in this test, an interspecies uncertainty factor of 1 was applied.  Because
the test is optimized with administration of greater than a physiological dose of epinephrine and
differences among individuals are not anticipated, the value was adjusted by an intraspecies uncertainty
factor of 3.  Because exposure durations do not influence the results of the test, the resulting value of
13,000 ppm was flatlined across time.  It was noted that other endpoints, such as the threshold for
narcosis of 200,000 ppm in several animal species, when divided by inter- and intraspecies uncertainty
factors of 3 each, would result in a higher value for the AEGL-2.  The value for the AEGL-2 passed
unanimously, with George Rusch abstaining (Appendix E).

The AEGL-3 value was based on a concentration of 80,000 ppm which resulted in a marked response
in two of six dogs in the cardiac sensitization test.  The next higher dose of 160,000 ppm resulted in
convulsions in one of four dogs.  Using the same reasoning as for the AEGL-2 above, the value of
27,000 ppm (80,000 ppm/3) was proposed for all AEGL-3 exposure durations.  The value for the
AEGL-3 passed [YES: 25, NO: 0, ABSTAIN: 1] (Appendix E).  It was pointed out that other
endpoints, such as the threshold for lethality of 359,000 ppm in an animal study, would, when divided
by inter- and intraspecies uncertainty factors of 3 each, result in a higher value for the AEGL-3.

SUMMARY OF PROPOSED AEGL VALUES FOR 1,1,1,2-TETRAFLUOROETHANE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  8000 ppm
(34,000 mg/m3)

 8000 ppm
(34,000 mg/m3)

 8000 ppm
(34,000 mg/m3)

 8000 ppm
(34,000 mg/m3)

No effects, humans
(Emmen and
Hoogendijk, 1998)
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AEGL-2  13,000 ppm
(55,250 mg/m3)

 13,000 ppm
(55,250 mg/m3)

 13,000 ppm
(55,250 mg/m3)

 13,000 ppm
(55,250 mg/m3)

No effect in cardiac
sensitization test with
dogs (Hardy et al.,
1991)

AEGL-3  27,000 ppm
(114,750 mg/m3)

 27,000 ppm
(114,750 mg/m3)

 27,000 ppm
(114,750 mg/m3)

 27,000 ppm
(114,750 mg/m3)

Marked response in
cardiac sensitization
test with dogs (Hardy
et al., 1991)

1,1-Dichloro-1-fluoroethane (HCFC-141b), CAS No. 1717-00-6

Chemical Manager: Dr. George Rusch, AlliedSignal, Inc.
Author: Dr. Sylvia Talmage, ORNL

Sylvia Talmage reviewed the data and noted corrections in the results of the dog sensitization test made
necessary by receipt of primary references from a chemical company (Attachment 11).  It was noted
that HCFC-141b is more toxic than HFC-134a and takes longer to reach equilibrium in the blood than
HFC-134a.  The AEGL-1 was based on a 4-hr no-effect concentration of 1000 ppm in a study with
exercising human subjects.  Because no individual differences were noted in the study and because this
concentration is far below the highest no-effect concentration in animal studies of 30,000 ppm, it was
adjusted by an intraspecies uncertainty factor of 1.  Because blood concentrations in this same study
approached equilibrium by 145 min and effects are thought to be determined by blood concentrations,
the value of 1000 ppm was flatlined across all AEGL-1 time periods.  It was moved by Mark
McClanahan and seconded by Richard Niemeier to accept all AEGL values.  The motion passed with
individual values for the AEGL-1 of YES: 21, NO: 0, ABSTAIN: 2 (Appendix F).  This value is
supported by the NOEL value of 2600 ppm in a cardiac sensitization test with the beagle dog.

The AEGL-2 was based on a concentration of 5200 ppm which caused a marked response in one of ten
beagle dogs in one of two cardiac sensitization tests.  A single high dose of epinephrine was
administered to each dog in this study (8 µg/kg), i.e., doses were not individualized for each dog. 
Because the dog is a good model for the human in this test, an interspecies uncertainty factor of 1 was
applied.  Because the test is optimized with administration of greater than a physiological dose of
epinephrine and great differences among individuals are not anticipated, the value was adjusted by an
intraspecies uncertainty factor of 3.  Because exposure durations do not influence the results of the test,
the resulting value of 1700 ppm was flatlined across time.  The previously made motion to accept the
AEGL values by Mark McClanahan and seconded by Richard Niemeier passed with individual votes
for the AEGL-2 [YES: 22, NO: 0, ABSTAIN: 1] (Appendix F).  George Rogers pointed out that in the
human study this chemical does not reach equilibrium in the blood within the 10-min test time period
used in the cardiac sensitization test.  It was also noted that other endpoints, such as the threshold for
narcosis of 30,000 ppm in mice when divided by inter- and intraspecies uncertainty factors of 3 each
would result in a higher value for the AEGL-2.

The AEGL-3 value was based on a concentration of 9000 ppm which resulted in a marked response in
one of two dogs in a cardiac sensitization test.  In this study, the highest nonlethal concentration was
19,000 ppm; however in an earlier cardiac sensitization test, one of ten dogs exposed to 10,000 ppm
died.  Therefore, 9000 ppm was considered the threshold for lethality.  Using the same reasoning as for
the AEGL-2 above, the value of 9000 ppm was divided by 3 and flatlined for all AEGL-2 exposure
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durations.  The previously made motion by Mark McClanahan which was seconded by Richard
Niemeier to accept the proposed values passed with individual votes for the AEGL-3 [YES: 22, NO: 0,
ABSTAIN: 1] (Appendix F).  It was pointed out that other endpoints, such as the highest nonlethal
concentration in the absence of an exogenous dose of epinephrine of 45,781 ppm in an animal study,
would, when divided by inter- and intraspecies uncertainty factors of 3 each, result in a higher value for
the AEGL-3.

SUMMARY OF PROPOSED AEGL VALUES FOR 1,1-DICHLORO-1-FLUOROETHANE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  1000 ppm
(4850 mg/m3)

 1000 ppm
(4850 mg/m3)

 1000 ppm
(4850 mg/m3)

 1000 ppm
(4850 mg/m3)

No effects, humans
(Utell et al., 1997)

AEGL-2  1700 ppm
(8245 mg/m3)

 1700 ppm
(8245 mg/m3)

 1700 ppm
(8245 mg/m3)

 1700 ppm
(8245 mg/m3)

Marked response,  
cardiac sensitization
test, dogs (1/10)

AEGL-3  3000 ppm
(14,550 mg/m3)

 3000 ppm
(14,550 mg/m3)

 3000 ppm
(14,550 mg/m3)

 3000 ppm
(14,550 mg/m3)

Highest nonlethal
concentration, cardiac
sensitization test, dogs
(Hardy et al., 1989a)

Ethylene Oxide, CAS NO. 75-21-8

Chemical Manager: Dr. Kyle Blackman, FEMA
Author: Dr. Kowetha Davidson, ORNL

Kyle Blackman reported that ethylene oxide will be revisited at the next meeting.  Bill Snellings of
Union Carbide Corporation, who was present at the meeting, will look for more data.

Piperidine, CAS No. 110-89-4

Chemical Manager: Dr. Mark McClanahan, Centers for Disease Control and Prevention
Author: Dr. Kowetha Davidson, ORNL

The chemical information was summarized by Mark McClanahan who noted the paucity of data for
lethality and time scaling.  Only an AEGL-1 had been proposed in the draft TSD.  The Committee
discussed the available lethality data and considered the data adequate to derive an AEGL-3.  The
Committee based the AEGL-3 on a reported 4-hr LC50 of 1723 ppm for the mouse (Attachment 12). 
This value was divided by 3 to attain a nonlethal concentration and then adjusted by an interspecies
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uncertainty factor of 10 because there is only one data set and an intraspecies uncertainty factor of 3
because it is a strong primary irritant and there would be little intraspecies variation.  The value of 
n = 2 was used for time scaling.  The resulting AEGL-3 values of 54, 38, 19, and 14 ppm for the 
30-min and 1-, 4-, and 8-hr time periods were accepted by the Committee (motion by Richard Niemeier,
seconded by Larry Gephart [YES: 19, NO: 4, ABSTAIN: 0] (Appendix G). It was noted that the LC50
value on which the AEGL-3 is based was reported in a secondary source.  Data that might be considered
for development of an AEGL-2 were also reported in a secondary source. Further discussion on this
chemical was tabled until requisition of possible primary references can be attempted.

SUMMARY OF PROPOSED AEGL VALUES FOR PIPERIDINE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-3  54 ppm
(186 mg/m3)

 38 ppm
(131 mg/m3)

 19 ppm
(66 mg/m3)

 14 ppm
(48 mg/m3)

Threshold for lethality,
mouse

Furan, CAS No. 110-00-9

Chemical Manager: Dr. George Rogers, University of Louisville (AAPCC)
Author: Dr. Claudia M. Troxel, ORNL

Claudia Troxel opened the discussion with a resolution of the conflicting data in mouse and rat LC50
studies, noting that the mouse data should be discredited based on the probability of insufficient oxygen
in the closed system in which they were tested (Attachment 13).  Claudia further discussed the sparse
database, uncertainty factors, relative species metabolism, and mechanism of action of this chemical. 
The proposed AEGL-2 and -3 values were based on the 1-hr threshold for adverse effects and the
threshold for lethality (highest NOEL for death) of 1014 and 2851 ppm, respectively.  These values were
adjusted by an interspecies uncertainty factor of 10 (although the simulated absorbed dose in the liver in
humans is lower than in mice and rats, the relative species sensitivity to the reactive metabolite is
unknown, and the liver was the only organ investigated), an intraspecies uncertainty factor of 3 (inter-
individual variations in the activating enzyme are not predicted to be a factor in bioactivation), and by a
modifying factor of 3 (sparse data set: only one study in one species).  The value of n = 2 was used for
time scaling.  The proposed AEGL-2 and AEGL-3 values for the 30-min and 1-, 4-, and 8-hr time
periods were 40, 29, 14, and 10 ppm and 14, 10, 5.1, and 3.6 ppm, respectively.  A motion was made by
Robert Snyder and seconded by Richard Thomas to accept the AEGL-2 and AEGL-3 values.  The
motion for both levels was accepted [YES: 19; NO: 5, ABSTAIN: 0] (Appendix H).  The Committee
unanimously agreed not to set AEGL-1 levels because of insufficient data.

SUMMARY OF PROPOSED AEGL VALUES FOR FURAN

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  ID  ID  ID  ID
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AEGL-2  14 ppm
(39 mg/m3)

 10 ppm
(28 mg/m3)

 5.1 ppm
(14 mg/m3)

 3.6 ppm
(10 mg/m3)

Threshold for adverse
effects, rat

AEGL-3  40 ppm
(110 mg/m3)

 29 ppm
(81 mg/m3)

 14 ppm
(39 mg/m3)

 10 ppm
(28 mg/m3)

Threshold for lethality,
rat

ID = Insufficient data.

Propylene Oxide, CAS No. 75-56-9

Chemical Manager: Dr. Jim Holler, ATSDR
Author: Dr. Claudia M. Troxel, ORNL

Following a review of the history of propylene oxide presentations, human data (the data from
environmental health surveys made available by the CMA) and pertinent animal data (Attachment 14)
were discussed by Claudia.  James Swenberg (University of North Carolina) discussed the formation of
DNA adducts in the nasal tissues, tissue partition coefficients for various species, and cell proliferation
of rats exposed to 500 ppm, 6 hr/day for 5 days/week (Attachment 15).  Additionally, based on
toxicokinetics, lethality, and pharmacokinetic modeling, the mouse is predicted to be more sensitive than
humans.  Therefore, there is no need for an interspecies uncertainty factor if using the mouse data for
AEGL derivations.  Dr. Larry Andrews of the CMA Propylene Oxide Panel expressed concern that the
AEGL-3 values do not correlate with the human data (Attachment 16).

The environmental health surveys made available by the CMA were judged satisfactory by the
Committee to derive all three AEGL levels.  The AEGL-3 was based on the highest documented
nonlethal exposure concentration of 1520 ppm for 171 min.  This value was adjusted by an uncertainty
factor of 3 for intraspecies differences (the mechanism of action, irritation, is not expected to differ
among individuals) and by a modifying factor of 2 for a limited database (1 sample measurement from
one worker; old survey) and time scaled using an n of 1.2 based on ethylene oxide.  A motion to accept
the resulting values of 1100, 610, 190, and 110 ppm for the 30-min and 1-, 4-, and 8-hr time periods was
made by Jim Holler and seconded by Larry Gephart.  The motion passed [YES: 19, NO: 4, ABSTAIN:
0] (Appendix I).

The AEGL-2 was based on the average of AEGL-2 values derived using four propylene oxide exposure
concentrations measured in the breathing zone of three workers (see table below).  At these
concentrations, a strong odor with undefined irritation was reported.  The AEGL-2 values were divided
by an intraspecies uncertainty factor of 3 and scaled to the relevant time periods using
n = 1.2.

EXPOSURE CONCENTRATIONS OF PROPYLENE OXIDE (ppm) MEASURED IN 3 WORKERS DURING
ENVIRONMENTAL HEALTH SURVEY

Concentration/Time UF/MF 30-Min 1-Hr 4-Hr 8-Hr

380 ppm for 177 min. 3 560 310 98 55

525 ppm for 121 min. 3 560 310 99 56
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392 ppm for 135 min. 3 460 260 81 45

460 ppm for 116 min. 3 470 270 84 47

Average 3 510 290 91 51

A motion to accept the resulting values of 510, 290, 91, and 51 ppm for the 30-min and 1-, 4-, and 8-hr
time periods was made by Bill Bress and seconded by Loren Koller.  The motion was unanimously
passed (Appendix I).

The AEGL-1 was based on the highest 8-hr time-weighted concentration of 31.8 ppm (2 samples from 2
workers; 78 employees potentially exposed to 13.2 to 31.8 ppm).  This value was divided by an
intraspecies uncertainty factor of 3 (the mechanism of action, irritation, is not expected to differ among
individuals) and scaled to the relevant time periods using the value of n = 1.2 which is based on ethylene
oxide.  A motion to accept the resulting values of 110, 60, 19, and 11 ppm for the 30-min 
and 1-, 4-, and 8-hr time periods was made by George Rogers and seconded by Richard Thomas.  
The motion passed [YES: 14, NO: 5, ABSTAIN: 0] (Appendix I).

SUMMARY OF PROPOSED AEGL VALUES FOR PROPYLENE OXIDE

Classification 30-Min 1-Hr 4-Hr 8-Hr Endpoint

AEGL-1  110 ppm
(260 mg/m3)

 60 ppm
(140 mg/m3)

 19 ppm
(45 mg/m3)

 11 ppm
(26 mg/m3)

No effects, humans

AEGL-2  510 ppm
(1200 mg/m3)

 290 ppm
(690 mg/m3)

 91 ppm
(220 mg/m3)

 51 ppm
(120 mg/m3)

Strong odor, irritation
in monitoring study,
humans

AEGL-3  1100 ppm
(2600 mg/m3)

 610 ppm
(1400 mg/m3)

 190 ppm
(450 mg/m3)

 110 ppm
(260 mg/m3)

Highest nonlethal
concentration, humans

ADMINISTRATIVE ISSUES

Times and places for the next meeting were discussed.  Several options for the March meeting were
prioritized with the highest priority being given to a meeting in New Orleans to precede the Society of
Toxicology meeting of March 14-18.

Suggested future meetings:
March 11-12, 1999, New Orleans, LA

or March 3-5, Washington, DC
June 14-16, 1999, Washington, DC 
September 14-16, 1999, Washington, DC
December 6-8, 1999, Washington, DC
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George Rusch expressed appreciation for a productive meeting.

This report was prepared by Drs. Sylvia Talmage and Po-Yung Lu, ORNL.

LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC/AEGL Meeting No. 12 Agenda
2. NAC/AEGL Meeting No. 12 Attendee List
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3. Examples of  “ceiling value” interpretations - John Morawetz
4. Use of Categorical Regression to Determine c x t Relationship for Hydrogen Sulfide - 

Judy A. Strickland
5. Comparison of ARE and AEGL values of Hydrogen sulfide - Judy  Strickland
6. Data analysis of Propionitrile - Cheryl Bast
7. Data analysis of Cyclohexylamine - Sylvia Milanez 

             8.          Data analysis of Hydrogen sulfide - Cheryl Bast
9. Overview of HCFC - George Rusch
10. Data analysis of HFC-134a - Sylvia Talmage
11. Data analysis of HCFC-141b - Sylvia Talmage
12. Data analysis of Piperidine - Kowetha Davidson/Mark McClanaham
13. Data analysis of Furan - Claudia M. Troxel
14. Data analysis of Propylene oxide - Claudia Troxel
15. Data analysis of Propylene oxide (DNA adducts) - James Swenberg
16. Data analysis of Propylene oxide - Larry Andrews

LIST OF APPENDICES

A. Approved NAC/AEGL-11 Meeting Highlights
B. Ballot for Propionitrile
C.   Ballot for Cyclohexylamine
D.   Ballot for Hydrogen sulfide
E. Ballot for HFC -134a
F.   Ballot for HCFC 141b

 G.  Ballot for Piperidine
H.  Ballot for Furan
I. Ballot for Propylene oxide
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Appendix A

NATIONAL ADVISORY COMMITTEE (NAC)
FOR ACUTE EXPOSURE GUIDELINE LEVELS (AEGLS) 

FOR HAZARDOUS SUBSTANCES
Final Meeting 11 Highlights

Oak Ridge National Laboratory
1060 Commerce Park Drive, Oak Ridge, TN 37830

September 14-16, 1998

INTRODUCTION

George Rusch (NAC Chairman) opened the meeting and welcomed all participants.  The meeting agenda
(Attachment 1) and the attendee list (Attachment 2) are enclosed.  Paul Tobin (DFO) stated that considerable
progress had been made by the NAC/AEGL on the initial list of 85 priority chemicals.  For future chemicals,
an effort will be made to determine chemical-specific production volume, storage, and use information.
Acquiring such information will assist the NAC/AEGL in deciding if AEGL values are warranted for title
chemicals.  Additionally, Paul Tobin requested that respective agencies and organizations provide information
regarding how AEGLs  are used and that the NAC representative of these  agencies/organizations also attempt
to obtain review/feedback on the Technical Support Documents (TSDs) and AEGL values from their
respective agency/organization.

Roger Garrett (Program Director) briefly discussed the budget and the need to ensure uninterrupted funding
to avoid possible breaks in work momentum and productivity. George Cushmac (U.S. DOT) suggested  that
a yearly report from the NAC to funding organizations would possibly inform such agencies of the
NAC/AEGL activities and productivity record.

The NAC/AEGL Meeting 10 highlights were reviewed and accepted following minor revisions (Appendix
A).

REPORTS FROM WORKING GROUPS AND GENERAL INTEREST ITEMS

National Academy of Sciences (NAS)/Committee on Toxicology (COT)

Roger Garrett stated that the NAS/COT Subcommittee on Acute Exposure Guideline Levels has been
assembled (Attachment 3) and that the first meeting is scheduled for October 15-16, 1998.  It is expected that
this first meeting will entail an overview of the NAC/AEGL, its Standing Operating Procedures and possibly
initial presentation of the Interim AEGLs for 10 chemicals.

General Interest Items

C Draft Guideline for Carcinogens
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Presentation and discussion were deferred until the next meeting.

C Draft Guideline for Anesthesia
Presentation and discussion were deferred until the next meeting.

C Draft Guidelines for Sensitive Populations
A draft document has been distributed to the NAC/AEGL.   Comments should be directed to Ernie
Falke in a timely fashion for incorporation into the Standing Operating Procedures. It was suggested
that this effort should possibly address the topic of pharmacogenetics.

C Bromine Testing
Larry Gephart (Exxon Biomedical Sciences) stated that the industries contacted had tests pending
that would address comparative respiratory effects of chlorine and bromine (1- and 4-hr LC50
studies).

C Benchmark Dose (BMD)
Robert Benson (U.S. EPA, Region VIII) circulated a publication (Attachment 3) resulting from the
U.S. EPA Benchmark Dose Workshop. Questions were raised regarding the validity of the BMD
methodology for acute exposures.

C Time-Dose Extrapolation Issues
Issues pertaining to time-dose extrapolation and interpretation of AEGLs were raised by John
Morawetz (International Chemical Workers Union) and Larry Gephart.  Following discussion,  a
draft AEGL-specific definition of “ceiling” (Attachment 4) was provided that captured identified
concerns.

Action Item: The preceding issue of time-dose extrapolation and interpretation of “ceiling” will be
an agenda item for the next NAC/AEGL meeting.

C Standing Operating Procedures (SOP)
Ernie Falke (U.S. EPA, Chairman, SOP Working Group) provided an overview of SOP items that
had been revised following input from NAC/AEGL members.  These revisions included AEGL
definitions (will include discussion of ceilings), deletion of Section 2.11 (rationale for AEGLs; this
subsection was redundant with another), expanded acronyms in Appendix 1, and revision of the times
scaling section.  Ernie stated that any additional comments/suggestions on the SOPs should be
submitted to him by 9/24/98. 

AEGL PRIORITY CHEMICALS

Hydrazine, CAS No. 302-01-2

Chemical Manager: Dr. Richard Thomas, ICEH
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Author: Dr. Robert A. Young, ORNL

In response to Federal Register comments, the AEGL-2 and AEGL-3 values for hydrazine were revised.
Ernie Falke substituted for Richard Thomas (absent) as Chemical Manager. Ernie outlined the pertinent issues
of the Federal Register comments and the need for the revision.  Robert Young provided further details
regarding the issues at hand: (1) rescinding of  the regional gas dose methodology for human equivalent
exposure adjustment, and (2) selection of a more defensible estimate of the lethality threshold (Attachment
5).  The application of the regional gas dose methodology that was originally applied to the  derivation of the
hydrazine AEGL-2 and AEGL-3 values was withdrawn because (1) the methodology has not been validated,
and (2) required the use of broad-reaching assumptions because its use is inconsistent with NAC/AEGL
procedures to date.  The original derivation of AEGL-3 values was based upon an LC01 as an estimate of the
lethality threshold in rats for acute inhalation of hydrazine. This estimated value was inconsistent (too low)
relative to a nonlethal exposure (used for AEGL-2) from a well-conducted study.  A lethality threshold
estimated by a one-third reduction in the LC50 was found to be more scientifically defensible because it was
consistent with available data.  The determinant for the revised AEGL-3 was 1,064 ppm (one-third of the 1-hr
LC50 of 3,192 ppm as opposed to the original LC01 estimated of 337 ppm) from a rat study conducted by
Huntington Research Corporation (same key study  as original AEGL-3).  The uncertainty factors remained
unchanged (10 for species variability [this is likely to account for interspecies variability in dosimetry] and
3 for individual variability).  For the AEGL-2, the determinant remained unchanged; nasal lesions in rats
resulting from a 1-hr exposure to 750 ppm.  Uncertainty factor application was 10 for interspecies variability,
3 for individual variability and an additional factor of 2 to account for a deficient data base  regarding serious
but nonlethal toxic responses.  The revised AEGL values are shown below (original values are in parentheses)
and  remain very similar to the previous values: A motion was made by Doan Hansen, and seconded by Steve
Barbee; the motion was accepted by NAC/AEGL [YES: 20, NO: 2, ABSTAIN: 0] (Appendix B).  The revised
AEGL-2 values, although approximately two-fold higher than the previous values, more accurately reflect
the known steep exposure-response curve for hydrazine.  Based upon the available data, the revised AEGL-2
values are considered to be protective of human health relative to AEGL-2 category effects.  A motion was
made by Bob Snyder and seconded by Tom Hornshaw to adopt the revised AEGL-2 values.  The motion was
accepted [YES:20, NO: 2, ABSTAIN: 0] (Appendix B).  It was also the consensus of the NAC that notation
be made that the 30-min concentration should be regarded as a ceiling that should not be exceeded.

SUMMARY OF REVISED AEGL VALUES FOR HYDRAZINE

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 0.1 ppm 0.1 ppm 0.1 ppm 0.1 ppm Not revised;  based upon eye and facial
irritation in monkeys

AEGL-2 18 ppm
(8 ppm)a

13 ppm
(6 ppm)

6.2  ppm
(3 ppm)

4.4 ppm
(2 ppm)

Nasal lesions in rats; includes UF of 2 for
deficiencies in data specific for serious but 
nonlethal responses

AEGL-3 50 ppm
(47 ppm)

35 ppm
(33 ppm)

18 ppm
(17 ppm)

13 ppm
(12 ppm)

Estimated lethality threshold in rats (1/3 of 1-
hr LC50); 3,192 ppm/3 = 1,064 ppm

 
a (     ) = original values

Ethylene oxide, CAS No. 75-21-8
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Chemical Manager: Dr. Kyle Blackman, FEMA
Author: Dr. Kowetha Davidson, ORNL

For the revisit of ethylene oxide, Kyle Blackman provided introductory remarks.  Kowetha Davidson gave
an overview of the data sets and outlined the revisit issue pertaining to evaluation of endpoints from the key
study (neurotoxicity or dominant lethality) and their relevance to deriving AEGL-2 and AEGL-3 levels
(Attachment 6).  Bill Snellings (Union Carbide) explained a  rationale for looking at the neurotoxic effects
rather than the dominant lethality aspect of the study in questions.  It was decided that the Federal Register
comments as well as the rationale for the AEGL values be reviewed and that a decision will be made at the
next meeting to determine if revisiting these issues is required.  

Hydrogen sulfide, CAS No. 7783-06-4

Chemical Manager: Dr. Stephen Barbee, Olin Corporation 
Author: Dr. Cheryl Bast, ORNL

Cheryl Bast provided an overview of available data (Attachment 7) and addressed  the use of categorical
regression methodology that had been suggested by an external reviewer as a possible methodology.  The
issues of nuisance odor and recurrent exposures were also briefly discussed (both of these being factors in
the assessments by several states).  A poll of the NAC/AEGL indicated a general consensus on the approach
used for derivation of draft AEGL-2 and AEGL-3 values, and that most concern was focused on the AEGL-1
values.  A poll of the NAC/AEGL also indicated a consensus for deriving 10-min AEGL values for AEGL-2
and AEGL-3 but for not for AEGL-1. The deliberations on hydrogen sulfide were again deferred in the
absence of individuals (George Alexeeff, California EPA; David Belluck, Minnesota Pollution Control
Agency; Zarena Post, Texas Nat. Resource Conserv. Comm.) previously expressing concerns regarding
assessments by their respective states and NAC/AEGL assessments on this chemical.  At least one
NAC/AEGL member strongly objected to the extended deferment.

Carbon tetrachloride, CAS No.  56-23-5

Chemical Manager: Dr. William Bress, Vermont Dept. of Health 
Author: Dr. Robert A. Young, ORNL

A brief revisit of the AEGL-3 values for carbon tetrachloride focused attention to the human case reports
involving enhanced toxic responses to carbon tetrachloride in individuals also exposed to alcohol.  The
reports affirm such an interaction but, with the exception of a report by Norwood et al. (1950),  the reports
lacked quantitative information on exposure terms.  The known alcohol-potentiated toxicity of carbon
tetrachloride toxicity  is clearly described in the TSD and an uncertainty factor of 10 for individual variability
in toxic responses was applied in the derivation of the AEGLs.   It was the consensus of the NAC that the
anecdotal data reported by Norwood et al. (1950) was insufficient as a key study upon which to base the
AEGL-3 values, and that the lethality data in animals and the overall data base indicated that the currently
proposed AEGL-3 values were justified.  The proposed AEGL values for carbon tetrachloride remain as
shown.
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SUMMARY OF PROPOSED AEGL VALUES FOR CARBON TETRACHLORIDE

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 16 ppm
100.6 mg/m3

12 ppm
75.5 mg/m3

6.9 ppm
43.4 mg/m3

5.2 ppm
32.7 mg/m3

Nervousness, slight nausea in
human subjects (Davis, 1934)

AEGL-2 90 ppm
566.1 mg/m3

68 ppm
427.7 mg/m3

39 ppm
245.3 mg/m3

30 ppm
188.7 mg/m3

Nausea, vomiting, headache in
human subjects (intolerable to
one of four subjects) (Davis 
1934)

AEGL-3 230 ppm
1,446.7 mg/m3

170 ppm
1,069.3 mg/m3

99 ppm
622.7 mg/m3

75 ppm
471.8 mg/m3

Estimated lethality threshold
(LC01 = 5,135.5 ppm) in rats
(Adams et al.,1952; EPA-OTS,
1986)

 

Propylene Oxide, CAS No. 75-56-9

Chemical Manager: Dr. James Holler, ATSDR
Author: Dr. Claudia Troxel, ORNL

Presentations were made by Susan Ripple on behalf of the CMA Propylene Oxide (PO) Panel (Attachment
8).  She provided responses to questions previously posed by the NAC/AEGL regarding human experience
data originally presented by the CMA PO Panel.  AEGL-2 and AEGL-3 values developed by the PO Panel
and based upon human exposure data were presented.  Discussions followed that revolved around the limited
number of human subjects, uncertainty factor applications (intraspecies UF of 3 appropriate for extrapolation
to larger populations), and the propylene oxide concentrations used as determinants for the AEGL values.
Susan requested that the NAC/AEGL defer further deliberations until the next meeting at which time Larry
Andrews  (CMA PO Panel) will provide an interpretation of the animal data.  It was decided that additional
data or information that can be obtained be provided to the ORNL staff scientist and Chemical Manager by
November 1, 1998.  It was also requested that quality control/assurance information pertaining to the human
exposure information presented by Susan Ripple be  made available, if possible, to the NAC/AEGL.  Further
deliberations were deferred until the next NAC/AEGL meeting.

Propylenimine, CAS No. 75-55-8

Chemical Manager: Dr. Mark McClanahan, CDC
Author: Dr. Kowetha Davidson, ORNL

Mark McClanahan opened the presentation by noting the paucity of data and reference to ethylenimine.
Kowetha Davidson provided an overview of the available data and how it related to that for ethylenimine
(Attachment 9).  For the AEGL-3 values, a lethality threshold was estimated from data on guinea pigs (30-
minute exposure to 500 ppm, n=0.91, interspecies UF=3, intraspecies UF=3.  A motion was made (Robert
Snyder) and seconded (Richard Niemeier) to accept the values of  50, 23, 5.1, and 2.4 ppm for 30-min, 1-,
4-, and 8-hr as AEGL-3 values.   The motion passed [YES: 19; NO: 1; ABSTAIN: 0].   
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In the absence of data specific for AEGL-2 type effects, the AEGL-2 values for propylenimine were derived
by applying a relative potency factor of 5 and a modifying factor of 2 to the AEGL-2 values for ethylenimine.
The resulting values of 25, 11, 25, and 1.2 for 30 min, 1-, 4-, and 8-hrs, respectively were accepted (motion
by Bill Bress, seconded by Thomas Hornshaw [YES: 18; NO: 2; ABSTAIN: 0] (Appendix C). It was
suggested that a skin notation be made regarding the toxicity of propylenimine and ethylenimine to the skin.
It was the consensus of the NAC/AEGL that AEGL-1 values would not be meaningful and, therefore, not
developed (Appendix C).  

SUMMARY OF PROPOSED AEGL VALUES FOR PROPYLENIMINE 

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 NR NR NR NR Data not available

AEGL-2 25 ppm 11 ppm 2.5 ppm 1.2 ppm Respiratory difficulty
Carpenter et al., 1948

AEGL-3 50 ppm 23 ppm 5.1 ppm 2.4 ppm Estimated lethality threshold

 NR: not recommended

Nitrogen Oxides
Nitric oxide, CAS No. 10102-43-9

Nitrogen dioxide, CAS No. 10102-44-0

Chemical Manager: Dr. Loren Koller, Oregon State Univ.
Author: Dr. Carol Forsyth, ORNL

Carol Forsyth presented an overview of the available data (Attachment 10) and the development of the draft
AEGL values for nitric oxide, noting that the data previously expected from industry (preliminary data were
presented at the 1998 Society of Toxicology Annual Meeting, see NAC/AEGL Meeting 9 Highlights) was
not  received.   Also reviewed was the prior NAC/AEGL decision that for the methemoglobinemia endpoint,
a  methemoglobin level  of #20% was consistent with AEGL-1 and that $85% was consistent with AEGL-3.
Previously, data were limited to developing only AEGL-1 values for nitric oxide (80 ppm for all time points
based upon methemoglobin formation in compromised individuals).  As per the consensus of the NAC/AEGL
(Meeting No. 9), the toxicity of nitrogen dioxide was examined prior to further deliberations on nitric oxide.

For AEGL development, nitrogen dioxide was discussed first.   A summary of  human data was presented
($150 ppm is fatal; #4 ppm produces no effect) and that pulmonary irritation and edema occurs at high
exposures.  For the AEGL-3 30-min, 1-, 4-, and 8-hr  periods, values of  25, 20, 14, and 11 ppm were
accepted  (motion by Doan Hansen, seconded by mark McClanahan, with unanimous approval) (Appendix
D) based upon marked irritation (but no deaths) in monkeys exposed for 2 hrs to 50 ppm (n=3.5; UF=3). 
Following discussion regarding the feasibility and need for 10-min values, it was the consensus of the
NAC/AEGL that such values would be developed only if requested by industry and/or emergency planners.
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Exposure of humans (120-min to 30 ppm) resulting in a burning sensation in the chest and nose, cough,
dyspnea, and excessive production of sputum was used as the basis for the AEGL-2 values.  The resulting
AEGL-2 values (n=3.5, UF=3) of 14.9, 12.2, 8.2, and 6.7 ppm were accepted by the Committee (motion by
Loren Koller, seconded by Bill Pepelko with unanimous approval) (Appendix D).   Following brief
discussions,  AEGL-1 values were set at 0.5 ppm  (there was evidence from available studies showing that
some effects occurred at concentrations <1 ppm) (motion by Bob Benson, seconded by Ernie Falke with
unanimous approval) (Appendix D).

At this time, the issue was raised regarding increased susceptibility to pathogens following pulmonary
irritation.  It was suggested that, where appropriate, mention be made that exposure to irritants that results
in pulmonary or airway damage may increase susceptibility to respiratory tract infection.  It was also noted
that animal studies with respect to this effect differ from the human experience because humans would be
treated while animals would not.

Discussion proceeded to nitric oxide with initial notes that nitric oxide is rapidly converted to nitrogen
dioxide and that the major toxicity endpoint reported for nitric oxide is the formation of methemoglobin.
Following considerable discussion regarding the nitric oxide-nitrogen dioxide conversion and the
ramifications of this on the validity of developing AEGL values for nitric oxide, there was a proposal of  the
NAC/AEGL that no values be developed for nitric oxide and that the nitrogen dioxide values be used for
emergency planning with a reference to the known conversion and that clinical data indicate that short-term
exposure (time not specified) to 80 ppm nitric oxide is without significant effect (motion by Mark
McClanahan, second by George Rodgers [YES: 16; NO: 4; ABSTAIN: 0] (Appendix E). It was also decided
that separate TSDs would be prepared for nitric oxide and nitrogen dioxide but that the nitrogen dioxide TSD
would be amended to the nitric oxide TSD.

SUMMARY OF PROPOSED AEGL VALUES FOR NITROGEN DIOXIDE*

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 0.50 ppm 0.50 ppm 0.50 ppm 0.50 ppm Minor irritation

AEGL-2 15 ppm 12 ppm 8.2 ppm 6.7 ppm Burning in chest and nose, cough, dyspnea,
excessive sputum in humans exposed to 30
ppm for 2 hrs. 

AEGL-3 25 ppm 20 ppm 14 ppm 11 ppm Marked irritation (no deaths) in monkeys
exposed 50 ppm for 2 hrs.

 
*AEGLs for nitric oxide not recommended; use nitrogen dioxide values for planning but note that short-term exposure to 80 ppm
nitric oxide is without clinical effects.

Iron pentacarbonyl, CAS No. 13463-40-6

Chemical Manager: Dr. Kyle Blackman, FEMA 
Author: Dr. Robert Young, ORNL

Kyle Blackman gave an overview of the physicochemical properties of iron pentacarbonyl and also stated
that he had contacted the two companies known to produce the chemical but had received no response from
them.  Robert Young provided an overview the three data sets available for this chemical (Attachment 11).
Two of the three data sets were from recent well-conducted studies in rats that provided adequate
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information on experimental design and analytical techniques.  However, the available studies all focused
on lethal responses.  Although indices of  lethality and estimates of a lethality threshold were defined by
these data, no information was available regarding effects consistent with AEGL-1 or AEGL-2 definitions.
The available data allowed for exposure-time-response comparisons indicating linearity and, therefore, n
=1 for Cn x t = k.  Based upon clinical observations and histopathologic findings in rats, the mechanism of
lethality appeared to be pulmonary damage.  Results of these experiments showed that the lethality threshold
for rats was approximately 5.2 ppm for a 4-hr exposure and that 28-day exposures to 1 ppm for 6 hrs/day
resulted in no effects.  However, examination of the data from 1995 BASF study revealed that one of ten
rats exposed to 2.91 ppm for six hours died and that 50% mortality was observed after two 4-hr exposures
to this concentration.  Although, the remaining rats survived 28 consecutive exposures, this exposure was
considered an estimate of a lethality threshold.  This contention is supported by a notable latency (1-8 days)
in the lethal response.  The AEGL-3 values were, therefore, based upon the 6-hr exposure to 2.91 ppm.
Because the mechanism of action appears to be a port-of-entry effect mediated by contact irritation and
destruction of pulmonary membranes, the intraspecies uncertainty factor was set at 3 (the mechanism of
action is not likely to vary considerably among individuals).  Due to the uncertainties regarding interspecies
variability in the toxic response to iron pentacarbonyl and the lack of human data, the uncertainty factor for
interspecies variability remained at 10.  The AEGL-3 values of 1.2, 0.58, 0.16 were accepted for the 30-min,
1-hr and 4-hr time frames, respectively (motion by Bob Benson, seconded by Steve Barbee with unanimous
approval) (Appendix F).  In the absence of data on serious but nonlethal effects of exposure to iron
pentacarbonyl (the animal data provided only lethality 

or no-effect responses), the  AEGL-2 values were based upon a one-third reduction of  the AEGL-3 
values (i.e., MF of 3) as an estimate for a threshold for serious but nonlethal effects.  Due to the exposure-
response data suggesting little differentiation between no-effect levels and lethal exposures, this adjustment
appeared defensible. The values of 0.35, 0.17, and 0.044 were accepted for the 30-min, 1-, and 4-hr time
frames (motion by Mark McClanahan, seconded by Loren Koller [YES: 19; :NO: 2; ABSTAIN: 0]
(Appendix F).  Due to the physicochemical properties of iron pentacarbonyl, 8-hour AEGL values were
considered inappropriate.  No data were available regarding effects consistent with the AEGL-1 definition
and no odor threshold data are available.  Therefore, AEGL-1 values were not developed.  

SUMMARY OF PROPOSED AEGL VALUES FOR IRON PENTACARBONYL

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 ND ND ND ND No data

AEGL-2 0.35 ppm 0.17 ppm 0.044 ppm NR Estimate of exposure causing serious but
nonlethal effects; based upon 1/3 reduction of
AEGL-3 values.

AEGL-3 1.2 ppm 0.58 ppm 0.16 ppm NR Estimated rat lethality threshold of 2.91 ppm,
6-hr exposure (BASF, 1995)

 
NR: not recommended

Furan, CAS No. 110-00-9
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Chemical Manager: Dr. George Rodgers, Univ. of Louisville, AAPCC
Author: Dr. Claudia Troxel, ORNL

George Rodgers provided production/use information about furan and also explained problems with the
available data (i.e., human exposure data are limited and involve concurrent exposures to other chemicals).
In addition to the problem exposure to complex mixtures, the human data are also very subjective in nature.
The data do, however, suggest that central nervous system effects and irritation may be associated with the
exposures. Claudia Troxel provided an overview of data during the meeting (Attachment 12).  A National
Academy of Sciences report and a  report by the Bio/dynamics (HLS) were not available at the time the TSD
was being prepared, will be obtained and reviewed.  Deliberations on furan were deferred until after these
reports are obtained and reviewed.  

Nitriles
Isobutyronitrile, CAS No. 78-82-0

Methacrylonitrile, CAS No.126-98-7 
Propionitrile, CAS No. 107-12-0 

Chemical Manager: Dr. George Rodgers, Univ. of Louisville, AAPCC
Author: Dr. Cheryl Bast, ORNL

Following introductory remarks by George Rodgers, Cheryl Bast began an overview of isobutyronitrile by
reviewing data received earlier that day from Dr. James Deyo of  Eastman Kodak Co. (Attachment 13).
These GLP studies provided data with which to derive AEGL-3 values that differed somewhat from those
in the draft TSD.  A motion was made by George Rodgers (second by Robert Snyder) to accept the new
values of 26, 20, 12, and 9 ppm (UF=30; 10 for interspecies and 3 for intraspecies variability, n=2.6).  The
motion passed [YES: 18; NO: 1; ABSTAIN:0] (Appendix G).  Bill Bress proposed (motioned; second by
Richard Niemeier) that a no-effect level from a developmental toxicity study in rats be used as the basis for
the AEGL-2 for isobutyronitrile resulting in AEGL-2 values of 8.7, 6.6, 3.9, and 3.0 ppm. The motion
passed [YES: 17; NO: 1, ABSTAIN: 0) (Appendix G). Mark McClanahan made a motion (second by Robert
Benson) that there was insufficient data to develop AEGL-1 values.  The motion passed unanimously
(Appendix G).

SUMMARY OF PROPOSED AEGL VALUES FOR ISOBUTYRONITRILE

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 ND ND ND ND No data

AEGL-2 8.7 ppm 6.6 ppm 3.9 ppm 3.0 ppm 100 ppm exposure no effect in developmental
toxicity study

AEGL-3 26 ppm 20 ppm 12 ppm 9 ppm Estimated NOEL for death in rats; 1/3of the
1-hr LC50 (1800 ppm/3 = 600 ppm)

 

Cheryl Bast continued to review the available data for methacrylonitrile (Attachment 13).  For AEGL-3
development, a Committee poll indicated that a 19.6 ppm exposure of mice (NOAEL for lethality) be used
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as the determinant.  A motion was made by Bob Benson (second by Mark McClanahan) to accept the values
of 4.5, 3.4, 2.0, and 1.5 ppm (UF=3 for interspecies and 3 for intraspecies variability, n=2.6).  The motion
carried [YES: 14; NO: 4; ABSTAIN 0] (Appendix H).  For AEGL-2 Cheryl Bast provided options suggested
by NAC/AEGL members who provided review comments. These included using one-third of the AEGL-3
values and the use of data from a dog study where a 7-hr exposure to 13.5 ppm produced convulsions.  A
motion was made by Mark McClanahan, seconded by Richard Niemeier, to accept [YES: 14; NO: 3;
ABSTAIN: 0] (Appendix H) the values generated by using one third of the AEGL-3 values (1.5., 1.1, 0.7,
and 0.5 ppm) and to use the findings from the dog study as supporting data. A motion was made by George
Rodgers (second by Mark McClanahan) that data were insufficient for deriving AEGL-1 values. The motion
passed unanimously (Appendix H).

 

SUMMARY OF PROPOSED AEGL VALUES FOR METHACRYLONITRILE

Classification 30-min 1-hr 4-hr 8-hr Endpoint

AEGL-1 ND ND ND ND No data

AEGL-2 1.5 ppm 1.1 ppm 0.67 ppm 0.50 ppm One-third reduction in AEGL-3 values

AEGL-3 4.5 ppm 3.4 ppm 2.0 ppm 1.5 ppm NOEL for lethality in mice (19.6 ppm for 
4 hrs)

 

Deliberations on propionitrile were deferred until the next meeting due to lack of time.

ADMINISTRATIVE ISSUES

Roger Garrett provided information regarding the NAS/COT meeting.  The COT Subcommittee on Acute
Exposure Guideline Levels has been formed (Attachment 14) and the first meeting scheduled for October
15-16, 1998.  Roger stated that the agenda will likely include an overview of the NAC/AEGL SOP, its
overall process and how it differs from the NRC (1993) approach on acute exposures.  It is hoped that some
of the first 10 (interim) AEGLs can be presented.  It is likely that the COT review process will be an iterative
effort to come to consensus on issue and will take several meetings.  The application and justification of
uncertainty factors and the derivation of the time scaling factor, n, will probably be key issues. 

The status of invitations to other participants were discussed briefly (WHO, European Commission, etc.)

The preparation/review schedule for Technical Support Documents was again discussed.  Several
components of the document preparation/review process were emphasized including the need for
uninterrupted funding to ensure timely development of draft AEGLs, and completion/distribution of the
TSDs.  A projected schedule for the aforementioned process (Attachment 15) as well as tracking sheets
(Attachment 16) to monitor the process were distributed and discussed.  Finally, Roger Garrett reported the
status of the development of AEGL values since the project launched in 1996 (Attachment 17). 

A poll of the NAC/AEGL indicated unanimous approval of ORNL as an annual meeting site.

Future meetings:
December 7-9, 1998, Washington, DC
March 18-19, 1999, New Orleans, LA (after SOT)
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George Rusch expressed thanks and appreciation for a productive meeting and to ORNL as host of the
meeting

This report was prepared by Drs. Robert Young and Po-Yung Lu, ORNL.
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC Meeting No. 11 Agenda
2. NAC Meeting No. 11 Attendee List
3. Draft SOP for NAS/COT
4. Draft definition of  “ceiling” - John Morawetz/ Larry Gephart
5. Data analysis of Hydrazine - Bob Young
6. Data analysis of Ethylene oxide - Kowetha Davidson
7. Data analysis of Hydrogen sulfide - Cheryl Bast
8. Data analysis of Propylene oxide from CMA Propylene Oxide (PO) Panel - Susan Ripple

 9. Data analysis of Propyleneimine - Kowetha Davidson
10. Data analysis of Nitrogen oxides - Carol Forsyth
11. Data analysis of Iron pentacarbonyl - Bob Young
12. Data analysis of Furan - Claudia Troxel
13. Data analysis of Nitriles - Cheryl Bast
14. COT roster of subcommittee on AEGLs - Roger Garrett
15. Projected schedule for AEGLs TSD preparation process - Roger Garrett
16. AEGLs tracking sheets - Roger Garrett
17. Status of development of AEGL values - Roger Garrett

LIST OF APPENDICES

A. Approved NAC-10 Meeting Highlights
B. Ballot for Hydrzine
C.   Ballot for Propylenimine
D.   Ballot for Nitrogen dioxide
E. Ballot for Nitrogen oxide
F.   Ballot for Iron pentacarbonyl

 G.  Ballot for Isobutyronitrile
H.  Ballot for Methyacrylonitrile


















